The human Y chromosome, because it is enriched in repetitive DNA, has been very intractable to genetic and molecular analyses. There is no previous evidence for developmental stage-and testis-specific transcription from the male-specific region of the Y (MSY). Here, we present evidence for the first time for a developmental stage-and testis-specific transcription from MSY distal heterochromatic block. We isolated two novel RNAs, which localize to Yq12 in multiple copies, show testis-specific expression, and lack active X-homologs. Experimental evidence shows that one of the above Yq12 noncoding RNAs (ncRNAs) trans-splices with CDC2L2 mRNA from chromosome 1p36.3 locus to generate a testis-specific chimeric ␤ sv13 isoform. This 67-nt 5ЈUTR provided by the Yq12 transcript contains within it a Y box protein-binding CCAAT motif, indicating translational regulation of the ␤ sv13 isoform in testis. This is also the first report of trans-splicing between a Y chromosomal and an autosomal transcript.
The Y chromosome plays a role in sex determination and spermatogenesis in mammals. The genes responsible for these have been localized to the short and euchromatic long arms of the human Y. Although the human genome has been sequenced, the 40-Mb heterochromatic block on the long arm of human Y chromosome remains recalcitrant with respect to sequence information and gene content. There has been no evidence of transcription from this region. Classically, constitutive heterochromatin has been considered as compact and inert and the degree of decondensation of a chromatin region is considered as a reflection of gene activity (Weintraub and Groudine 1976; Guttenbach et al. 1989) . Yq heterochromatin undergoes developmental stagespecific condensation and expansion in testicular Sertoli cells and germ cells, although no evidence for transcription was found in the decondensed signals (Speed et al. 1995) . Nevertheless, examples of transcription from heterochromatic sequences are available in literature (Tulin et al. 2002) . Transcription from opposite strands of DNA were reported from the long tracts of satellite DNA present on lampbrush chromosome loops within histone gene clusters of the newt Notophthalmus (Diaz et al. 1981) . The complementary strands are differentially transcribed from the mouse major ␥ satellite during development (Rudert et al. 1995) and from the satellite III sequences localizing to human chromosome 9q12 during heat shock (Jolly et al. 2004 ). Heterogeneously sized transcripts have been reported from the Asty sequences localizing to the mouse Y long arm (Toure et al. 2005) . Few genes have been identified in the heterochromatic Y chromosome of Drosophila, suggesting that there could be some genes in the heterochromatic block of the human Y as well (Bachtrog and Charlesworth 2001) . However, there is no evidence for transcription from the major distal heterochromatic block (Skaletsky et al. 2003) . With increasing evidence on transcription from various repeats, the 40-Mb heterochromatic block, enigmatically poised at the rear end of the long arm of human Y, was pursued for traces of gene activity.
Results

Developmental stage-specific expression
A sex-and species-specific genomic clone 102d(2) from the long arm of human Y chromosome was identified earlier in the lab (Singh et al. 1994) . Fluorescence in situ hybridization (FISH) on to normal metaphase plates showed that these sequences localized to the distal heterochromatic block of Yq (Yq12). Sequencing of the genomic clone 102d(2) showed short ORFs within these sequences. This clone was then used as a probe for FISH on human testicular sections at various developmental stages. Testis and skin sections at 20 wk showed a single compacted signal within each nucleus (Fig. 1A,B) indicative of hybridization to corresponding sequences in the genome. Testis sections at 32 wk showed an elongated signal in ∼30% of the nuclei (Fig. 1C) , indicating decondensation of this region of the chromosome. RNase treatment, however, showed a marginal reduction in the fluorescence intensity (Fig. 1D) . In situ hybridization done on 36-wk testicular sections showed widely spread intense fluorescence signals in the nuclei of most cells (Fig. 1E) . RNase-treated, 36-wk testicular sections showed only single dot-like signals in the majority of the cells, corresponding with hybridization to DNA from the locus (Fig. 1F ). This indicated that the intense fluorescence signals filling the nuclei correspond to the presence of abundant RNA at 36 wk. Adult testicular sections also showed intense widely spread fluorescence signals in all the cells (Fig.  1G ), which were erased by RNase treatment (Fig. 1H) . A control experiment using a nontranscribing sequence (50f2) as a probe (Jobling 1994) showed only dot-like signals corresponding to DNA (Fig. 1I ) in adult testis sections, further confirming that the fluorescence signals generated using 102d(2) were due to transcripts. FISH on ejaculated sperms showed condensed signals in sperm nuclei containing Y chromosomes (Fig. 1J) . Thus, the Yq12 genomic probe reveals a temporal decondensation and subsequent transcription from the locus from late embryogenesis onward. Northern analysis using RNA from 20-wk testis, 32-wk testis, kidney, and spleen, and testis tissues from 36-wk confirmed developmental stage-specific and tissue-specific expression (Fig.  1L) . Figure 1K shows the corresponding RNA lanes. Large heterogeneous transcripts were observed only in testicular RNA from 36-wk testis. Heterogeneously sized low-intensity signal was seen at 32 wk after prolonged exposure, indicating the presence of low levels of RNA at this stage (data not shown). Earlier developmental stages and other tissues did not show any signal.
cDNA clones localizing to Yq12 show testis-specific expression
The human testicular cDNA library and multi-tissue Northern blots containing RNA from a panel of human tissues purchased from Clontech were used for further experiments. The localization of the genomic clone to Yq12 was confirmed once again by chromosomal FISH (Fig. 2A) . Screening of the cDNA library with 102d(2) identified two male-specific clones localizing to Yq12 on normal metaphase spreads by FISH (Fig. 2B,C) . The DNA sequences of genomic clone 102d(2) (2189 bp) and the two cDNA clones (816 and 1441 bp, respectively) have been deposited in GenBank (accession nos. AY598345, AY598346, and AY598347). These cDNA sequences are novel polyadenylated RNAs. When the genomic clone 102d(2) and the cDNA clones localizing to Yq12 were used as probes on multi-tissue poly(A) RNA Northern blots, heterogeneously sized transcripts were observed only in testicular samples (Fig. 2D,E,F) . The RNA profiles on the autoradiograms with the two cDNAs (AY598347 and AY598346) differed with respect to molecular weight range, indicating that the RNAs identified by the two cDNAs are different. Poly(A) ends of the two cDNAs AY598346 and AY598347 were obtained by 
DYZ1 repeats are transcribed
A search of the nucleotide database with all three of our clones picked up two Y chromosomal sequences, AC068123, a 98-kb BAC clone, and X06228, described as DYZ1 with zero e-values. Comparison of the two against each other showed that the BAC clone was comprised entirely of repeats of the 3.5-kb DYZ1 clone. There were 27 tandem copies of DYZ1 within the 98-kb clone (Fig. 3A) . Analysis of restriction enzyme sites on the 98-kb BAC clone showed a clustering of 27 restriction enzyme sites (Fig. 3B) . Beside the genomic clones AC068123 and X06228, BLASTN analysis using 102d(2) and our cDNAs identified a human testicular cDNA AK128024 (1986 bp). Rigorous pairwise alignment of our cDNAs with AK128024, using matcher from the EMBOSS suite of programs showed that AK128024 aligned with AY598347 end-to-end with 92% identity over a stretch of 600 bp. The two sequences were merged using the merger program from EMBOSS to form a larger fragment of 2151 bp, which we named AK47. Using total RNA from testicular tissue purchased from Clontech, expression of AK128024 and AK47 were experimentally confirmed by RT-PCR (Fig. 2G ). The two partial cDNAs, AK47 and AY598346, spanned the complete BAC clone, alternating with each other repeatedly ( Fig. 3D,E) . Thus, expression analysis as well as computational screening indicate multiple transcripts from within the Yq12 region. As the BAC clone was comprised entirely of DYZ1 sequences, what we observe here is the transcription from DYZ1 repeats. We also observed a clustering and 2.8 times the frequency of CpG dinucleotides within the region (Fig. 3F ).
Testis-specific chimeric transcript between Yq12 noncoding RNA and CDC2L2 from chromosome 1p36.3
In order to find any known transcripts that may correspond to the Yq12 region, the UTR database (http://bighost.area.ba.cnr.it/ BIG/ UTRHome/) was searched. This revealed that a 67-nt region of AY598346 is present within the 5ЈUTR of testicular ␤ sv13 isoform of CDC2L2 mRNA (AF067525) ( Fig. 4A ) with 98.5% identity. There was a single nucleotide change from T in the noncoding RNA to C in the UTR of CDC2L2 mRNA at position 57. The coding sequence begins from 68 nt onward in this isoform. BLAST analysis using the 67-nt UTR alone against the NCBI nucleotide database and human genome resources identified three sequences with significant e-values. They were the CDC2L2 ␤ sv13 isoform mRNA and the genomic clones for DYZ1 and the 98-kb BAC clone (AC068123) localizing to Yq12. The CDC2L2 genomic clone, however, was not identified in the database when the 67-nt UTR was used as the query, showing that this segment is not present in the cognate genomic locus at chromosome 1p36.3. This clearly shows that 67-nt UTR is present only on the Y chromosome and on the ␤ sv13 isoform mRNA of CDC2L2.
RT-PCR using testicular RNA procured from Clontech with primers spanning the 67-nt and at ∼540 nt of CDC2L2 ␤ SV 13 isoform gave a product in testis, but not in brain (Fig. 4B) , confirming that a chimeric RNA is indeed present in testis. PCR analysis of CDC2L2 internal exons present within both the testis and brain isoforms showed the transcription of CDC2L2 in both the tissues (Fig. 4B) . Primers to the 67-nt UTR alone gave a product in testis but not in brain, further showing testis specificity of the UTR (Fig. 4C) . The 67-bp 5ЈUTR region was cloned into the pGL3 promoter vector to assay for its effect on the translation of the reporter gene. Analysis of the luciferase activity in the transfected HeLa cells showed that the activity of the gene is enhanced by ∼1.88-fold in the presence of the 67-bp fragment as compared with the pGL3 promoter vector (Fig. 4D ). Southern blot analysis using DNA from three normal male and three female individuals after digestion with two different restriction enzymes, EcoR1 and Pst1, and on probing with CDC2L2 gave comparable intensities of signals (Fig. 4E ). This showed that there is no difference in copy number of CDC2L2 between males and females, thereby ruling out the possibility of the presence of this gene on the Y chromosome. RT-PCR analysis showed that C T values of GAPDH and CDC2L2 in DNA from XO, XX, XY, and XYY individuals containing varying numbers of Y chromosomes do not differ significantly ( Fig. 4F ; Table 1 ). This further confirmed that there are no copies of CDC2L2 on the Y chromosome.
Discussion
Testis-specific transcription from the heterochromatic block Yq12
Since the inception and the coining of the term "heterochromatin" by Emil Heitz in 1928 (Heitz 1928) , heterochromatic regions have been accepted as highly condensed loci devoid of genes and, hence, functionally inert. In fact, the extent of compaction or expansion of chromatin structure is considered as a reflection of gene activity from the corresponding region (Weintraub and Groudine 1976; Guttenbach et al. 1989) . We have observed decondensation and subsequent expression from the distal heterochromatic block of the long arm of human Y chromosome, as we not only observe testisspecific expression on multi-tissue Northerns, but have also localized cDNAs to Yq12. Indeed, what we see on tissue in situ hybridizations is a decondensation of the region at 32 wk of gestation and expression from 36 wk onward. Decondensation and condensation of satellite sequences were reported from within the testicular tissues of human and mouse embryos, but transcription was found only in mouse (Rudert et al. 1995) and not in human (Speed et al. 1995) . Here we show definitive evidence for transcription from the heterochromatic Yq12 block. There is growing evidence that repeated sequences of the eukaryotic genome are transcribed (Diaz et al. 1981; Fornace Jr. and Mitchell 1986; Kimura et al. 2001; Tulin et al. 2002; Jolly et al. 2004) . Although the function of most of the satellite DNA remained questionable a while ago (Csink and Henikoff 1998) , more recently there are reports of functional noncoding RNAs, which are transcribed from repeats within the genome (Mattick and Makunin 2006) .
DYZ1 repeats are transcribed
The only sequence information available regarding the Yq12 region was the localization of the DYZ1 and DYZ2 repeats in ∼4000 and 2000 copies, respectively (Manz et al. 1992) . Sequence comparison of our clones with the 98-kb BAC showed that this clone is a repeat of DYZ1, containing 27 copies of the same within it. Our cDNAs also localize to the clone in a repetitive fashion; therefore, it is the transcription of the DYZ1 repeat that is observed here. DYZ1 RNAs are transcribed during embryonic stages, similar to some of the other testicular transcripts, and these transcripts are confined to the nuclei at this stage. In the adult testicular tissue, the transcripts localize mainly in the cytoplasm. Testicular RNAs are known to be transcribed earlier in development and sequestered as translationally repressed messenger Ribonucleoprotein Particles (mRNPs) until required (Schafer et al. 1995; Kleene 2003 , and references therein). 3ЈRACE and sequencing confirmed that our cDNAs are polyadenylated. Some testicular transcripts have long poly(A) tails, which are reduced to the size of other potentially translated poly(A) RNAs found in cytoplasmic fractions (Kleene 1989) . Transcripts from Yq12 are Yq12 ncRNA trans-splices with CDC2L2 from 1p36.3
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Cold Spring Harbor Laboratory Press on December 28, 2017 -Published by genome.cshlp.org Downloaded from large and heterogeneous, as seen from Northern blots. It is not clear at the moment whether this is due to multiple start sites, variable poly(A) shortening, or read-through transcription. As the DYZ1 cDNAs (AY598346, AY598347) showed regions of identity to the 98-kb BAC clone in an alternating manner (see Fig. 3 ), and as the two mRNAs did not have any significant identity with each other, there are at least two different RNAs from the region. The above observations confirm transcription from the Yq12 region. Thus, the DYZ1 transcripts localizing in multiple copies to this heterochromatic region provide insight into the block that was not known to be transcribed and classically described as "junk."
Class 2 genes at Yq12?
Sequence analysis of the genomic clone (AY598345) and the cDNA clones AY598346 and AY598347 by the Tandem Repeats Finder (TRF) program (Benson 1999 ) revealed a consensus sequence GGAAT. Fickett's TestCode (Fickett 1982) , GeneScan (Tiwari et al. 1997) , and GenScan (http://genes.mit.edu/ GENSCAN.html) did not recognize the cDNAs AY598346, AY598347, and AK47 as protein-coding genes or predict any genes on the BAC clone AC068123. Translated BLAST search using the cDNAs did not pick up any known protein from the database. These cDNAs have semblance to mRNA like noncoding RNAs (ncRNAs) in the sense that these are large, polyadenylated, tissue-specific transcripts, which do not have long ORFs. GenScan predicted short ORFs within the 98-kb BAC that have no correspondence to the experimental cDNAs, which is a characteristic feature of mRNA like noncoding RNAs. Apparently, no single-copy gene is buried within the span of the 98-kb heterochromatin region analyzed. Similar to transcripts described from the euchromatic Yq (Foote et al. 1992) , these Yq heterochromatic cDNAs are also present in multiple copies. These cDNA sequences, which localize to distal MSY heterochromatic block in multiple copies, show testis-specific expression, and lack active X homologs conform to the class 2 genes of the human Y (Lahn et al. 2001 ).
The above-described highly conserved pentamer GGAAT (Grady et al. 1992) in the genomic clone 102d(2) and the cDNA clones AY598346, AY598347, and AK47 is also shared with repeat sequences on all human chromosomes, including the human satellite III on pericentromeric regions of chromosomes 9 and 15. The satellite III sequences are also transcribed following heat shock and form the stress granules (Jolly et al. 2004) . It is significant in this context that 102d(2) and the two cDNA clones hybridized only with the Yq12 region. This suggests that the organization of the GGAAT pentamer is different at different chromosome regions, and thus the transcripts detected by in situ and Northern analysis in the present study are Yq12 specific.
Generation of testicular isoform of CDC2L2 by trans-splicing with Y noncoding RNA Gururajan et al. (1998) reported a testis-specific isoform of CDC2L2, differing from others in its 5ЈUTR. The 67-nt 5ЈUTR reported in their study is 98.5% identical to the Yq12-derived 67-nt sequence. As the 67-nt long 5Ј terminal exon is not present at the cognate CDC2L2 genomic locus and since there is no copy of CDC2L2 on the Y, it is reasonable to assume that the testis-specific ␤ sv13 isoform arises by trans-splicing of the CDC2L2 mRNA and the noncoding RNA from Yq12. Splicing of precursor RNAs is necessary for maturation of many mRNAs in higher organisms. Compared with the numerous examples of cis-splicing, a few recent reports of trans-splicing between two distinct mRNAs generating chimeric RNAs are known (Kikumori et al. 2002; Takahara et al. 2002; Peatson et al. 2004 ). The present study provides evidence for generation of mRNA for a testis-specific CDC2L2 cell division kinase by trans-splicing between a noncoding RNA from Yq12, which provides the 5ЈUTR. This appears to be a novel regulatory role for the Y heterochromatin in testis.
When a database of all reported snRNA sequences was created and the 67-nt UTR was queried against it, a few of these had short regions of identity (11-12 nt) within the loops of the 67-nt UTR. This may indicate a role for this transcript in RNA splicing. There is a single Y-box consensus sequence 5ЈCCAAT3Ј within the 67-nt UTR from position 15-19. YBX1 is reported to enhance splicing, control mRNA translation, and protect mRNA against degradation (Kohno et al. 2003) . Reporter assays of a construct with the 67-nt UTR between the promoter and the lucifrerase reporter in HeLa cells showed a slight enhancement of luciferase activity. The trans-splicing event could be involved in regulating the expression of CDC2L2 in testis.
The gain and retention of genes that specifically benefit male fecundity and promote spermatogenesis in particular seem to be the global theme in Y evolution. The present study demonstrates that the heterochromatic block of human Y chromosome consisting of the consensus sequence of GGAAT, thus far described as transcriptionally inactive, is transcribed specifically in the testis. This noncoding RNA probably modulates translation of sv13 isoform of CDC2L2 within testis. As some CDC2L2 isoforms are associated with cyclins beside being substrates for caspases, a fine tuning of the cell division-related and apoptotic activities of CDC2L2 in testis is perhaps achieved in-house via the noncoding transcripts from Yq12 heterochromatin. It is worth recalling that McClintock (1951) predicted that the study of het- Comparison of the GAPDH and CDC2L2 values shows that there is no copy number difference between the two genes at the genomic level.
erochromatin would lead to the understanding of regulation of euchromatic gene expression. Trans-splicing of a part of noncoding transcript from a Y chromosome with an autosome-derived coding mRNA (CDC2L2) to generate a testis-specific isoform may be one such example of regulation of euchromatic gene expression by heterochromatin.
Methods
Procurement of tissues and probes
A male-specific clone 102d(2) localizing to the long arm of human Y chromosome, first isolated by Singh et al. (1994) was used as the probe for studying the distal Yq heterochromatic block. The cDNAs used as probes for Southern, Northern, and FISH studies were obtained by screening of a testis cDNA library with 102d(2). The human embryonic tissues were obtained from Professor C.M. Habibullah's laboratory, Owaisi Hospital and Research Center, Kanchanbagh, Hyderabad, India, where the liver tissues of the fetus are routinely used for liver transplantation studies. They have clearance from the Ethical Committee of the Indian Council of Medical Research, New Delhi, for the use of human tissues. These samples have clearance from our Internal Review Board. The testes were collected from 20-, 32-, and 36-wk-old abortuses. A piece of skin collected from a 20-wk-old embryo was used as a control. An adult testicular sample was collected from a fresh accident case brought to the Osmania General Hospital mortuary, Hyderabad, India. Part of the tissue was snapfrozen in liquid nitrogen for isolation of RNA and a part fixed in 4% formaldehyde in ‫ן1‬ PBS. The fixed tissues were processed for paraffin sections using a routine procedure. Eight to10-µm sections were obtained on gelatin-coated slides (2% gelatin in 0.2% chrome alum). Sections were firmly adhered on to the slides by baking them at 45°C for 3 d. The slides were then processed for tissue FISH as described below.
FISH
Sections were deparaffinized in xylene for 40 min, with four changes of 10 min each, followed by a brief fixation (1 min) in methanol:acetic acid (3:1) and air-dried. After Proteinase K (1 µg/µL) treatment for 2-3 min at room temperature, sections were washed two times in ‫ן1‬ PBS for 3 and 5 min, respectively, at room temperature and air-dried. The genomic DNA clone, 102d(2), labeled by multipriming using the Stratagene kit (PrimeIt Fluor Fluorescence labeling kit) was used for tissue FISH. A total of 100 ng of the probe was applied to the sections in hybridization mix (dextran sulphate [10%], heparin sulphate [500 µg/ mL], ‫ן4‬ SET, sheared Escherichia coli genomic DNA [20 µg/mL]; ‫ן4‬ SET: 3 M NaCl, 40 mM EDTA, 0.6 M Tris [pH 7.4]). The probe and targets were denatured simultaneously on a 90°C hotplate as follows: 6 min on the plate at 90°C, 2 min at room temperature, 5 min at 90°C, 1 min at room temperature, and 4 min at 90°C, followed by incubation for 16-20 h at 37°C in a moist chamber. The slides were washed in ‫ן2‬ SSC at room temperature for 10 min and subsequently in ‫ן2‬ SSC, 50% formamide at 45°C three times for 10 min each. The sections were then processed through ‫ן1‬ SSC for 10 min at 45°C. They were then left overnight at 4°C in ‫ן2‬ SSC. The sections were counterstained with Vectashield containing propidium iodide (Vector Labs) and observed under a Confocal microscope. RNase-treated sections served as controls. The genomic clone 102d(2) and male-specific cDNAs were used as probes on normal metaphase spreads obtained from peripheral blood lymphocytes. After RNase treatment (50 µg/mL for 1 h at 37°C), slides were rinsed in four changes of ‫ן2‬ SSC at room temperature for 2 min each, dehydrated through alcohol series (2 min each), and denatured in 70% formamide, ‫ן2‬ SSC at 70°C/ slide for 2 min. An increment of 1°C was given for every extra slide. These slides were then taken through a chilled alcohol series and air-dried. Denatured probes were applied (100 ng/slide) in the hybridization mix, sealed, and incubated in a humid chamber at 37°C for 16-20 h. The slides were rinsed in ‫ן2‬ SSC at room temperature for 10 min and washed under the same conditions as that for tissue FISH. Chromosomes were counterstained with Vectashield containing DAPI. Signals were captured under a fluorescence microscope.
Identification of male-specific cDNAs and their testis-specific expression
A human testis cDNA library was obtained from Clontech (cat.# HL1010B). Then, 5 ‫ן‬ 10 3 PFU of the library were plated on 150-mm plates, filters lifted, and screened with 102d(2) according to standard protocol at a stringency of ‫ן5.0‬ SSC/0.2% SDS at 70°C. Male-specific cDNA clones were identified using the above clones as probes on Southern blots containing human male and female DNA at a final stringency of ‫ן1.0‬ SSC/0.2% SDS at 65°C. The cDNA clones were sequenced using gt11 forward and reverse primers (GGTGGCGACGACTCCTGGAGCCCG, TTGACACC AGACCAACTGGTAATG). Sequencing of AY598347 was completed using the internal primer TGGACTGGAAAGCAATGG ACTG. Multi-tissue Northern blots containing poly(A) RNA were obtained from Clontech (cat # 636805). These blots contained RNA from peripheral blood lymphocytes, colon, small intestine, ovary, testis, prostate, thymus, and spleen. Genomic clone and the cDNA clones were labeled with [␣ 32 P]dATP (NEN/BRIT, India), by multipriming and used as probes following the manufacturer's protocol. Blots were washed after 16-20 h of hybridization at 37°C to a stringency of ‫ן1.0‬ SSC at 65°C for 15-20 min. Signals were captured by PhosphorImaging and by exposure to X-ray sheets.
Real-time quantitative PCR
Real-Time quantitative PCR was performed by adding 5 µL of ‫ן2‬ SYBR Green PCR Master Mix (Applied Biosystems) to each well containing 1 µL of 10 ng template and 0.5 µL of a primer mix with 5 pM of each primer in a 10-µL reaction volume. The (C T ) threshold cycle value was determined on the linear phase of PCRs using the Sequence Detector Software version 2.1 (Applied Biosystems). A standard curve was generated using serial dilutions of the target genomic DNA. A complete four-stage reaction of the initial stage I at 50°C for 50 sec, stage II at 95°C for 10 min, followed by a 30-cycle stage III PCR cycle profile of 95°C for 15 sec, 67°C for 30 sec, and 68°C for 30 sec, and a stage IV dissociation was followed. The final result with its respective Standard plot with a slope of ‫,753.3מ‬ Amplification plot with the automated threshold value, and the Dissociation constant was thoroughly analyzed to come to a final conclusion.
Analysis of the regulatory activity of the 5ЈUTR
The 67-bp UTR of the CDC2L2_SV13 RNA isoform was amplified and cloned into the pGL3 promoter vector (Promega, Inc) at the HindIII restriction enzyme site. The fragment was placed between the SV40 promoter and the luciferase reporter gene. The orientation and sequence were confirmed by sequencing. The positive clone was then transfected into HeLa cells for analysis of reporter activity. Transfection experiments were carried out in 24-well plates using liposome-mediated methods; 10 5 cells were seeded per well and the transfection was done 24 h later. The transfection mix contained 0.5 µg of the reporter construct and Yq12 ncRNA trans-splices with CDC2L2 from 1p36.3
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Cold Spring Harbor Laboratory Press on December 28, 2017 -Published by genome.cshlp.org Downloaded from 0.125 µg of pCMV-␤ gal vector complexed with 1 µL of Lipofect-AMINE reagent (GIBCO-BRL) and 4 µL of Plus reagent in 200 µL of serum-free medium. The cells were washed twice with ‫ן1‬ PBS and overlaid with the transfection mix for 5 h, after which complete medium was added to the wells. The cells were grown for a period of 48 h and harvested. The whole-cell extracts were prepared using the Reporter Lysis Buffer (RLB) (Promega, Inc.). The transfected cells were washed twice with ‫ן1‬ PBS, overlaid with ‫ן1‬ RLB, and kept on a shaker for 10 min. The cells were then scraped using a rubber policeman, vortexed for 15 sec, and quick frozen at ‫°07מ‬C. The cells were then thawed at room temperature and centrifuged at 13,000 rpm for 5 min at 4°C. The extract was then assayed for luciferase activity with the substrate luciferin in a luminometer. The luciferase activity was normalized with respect to their corresponding ␤ galactosidase activities. The fold differences in the reporter activity were calculated with respect to the values obtained with the basic vector.
